Introduction
The yearly incidence of renal cell carcinoma (RCC) in Canada is estimated to be 6000 cases; in the U.S., it is 61 500. 1, 2 Hereditary renal cell cancer syndromes (hRCC) are genetic disorders where the RCC phenotype is attributed to an inherited genetic mutation. hRCC currently appear to constitute 3-8% of all RCC. [3] [4] [5] Many patients with renal tumours are not suspected of harbouring mutations and are managed as sporadic, non-hereditary cancers. 6, 7 Due to the rarity of these individual syndromes, recommendations for investigating the various manifestations of the syndrome(s), for the initial assessment, and for surveillance followup vary widely. [8] [9] [10] [11] In addition, a number of hRCC are multisystem disorders requiring input from a variety of specialists, which creates the need for a complex multidisciplinary network.
Early detection and preemptive therapeutic strategies for some hRCC may improve survival and maximize both organ preservation and quality of life. 12 The challenge is to define the optimal and cost-effective protocols that maximize the detection of treatable conditions at an optimal stage while minimizing harm in an often young, otherwise healthy patient population.
We have proposed guidelines for identifying patients who should undergo genetic assessment for hRCC. 13 In this report, we propose recommendations for the initial investigations and surveillance of patients with an established hRCC. We do not address treatment recommendations for these conditions.
assessment and followup of hereditary kidney tumours
Although the characterization and grouping of hRCC is evolving, we have limited our recommendations to those hRCC in which renal tumours are a prominent clinical presentation and various recommendations are available, including: von Hippel Lindau syndrome (VHL), hereditary papillary renal cell carcinoma (HPRC), hereditary leiomyomatosis renal cell carcinoma (HLRCC), Birt-Hogg-Dubé syndrome (BHD), hereditary paragangliomas-pheochromocytoma syndromes (SDHB/SDHC/SDHD) and tuberous sclerosis complex (TSC). These are presented in Table 1 and each is associated with a specific histologic variant of RCC. A summary of each of the syndromes has been provided in our previous publication. 13 Other hereditary cancer syndromes in which RCC is a minor component include Cowden syndrome and LiFraumeni syndrome, which have well-established clinical guidelines.
14 This guideline will not address hereditary hyperparathyroidism-jaw tumour syndrome, papillary thyroid carcinoma with associated papillary RCC, constitutional chromosome 3 translocations, and BAP1-associated RCC. There is a paucity of data on these disorders; therefore, it is difficult to make any meaningful clinical recommendations at this time.
The objective of our proposed protocols is to optimize the processes in care of patients with hRCC to encourage a more uniform approach to management that can be evaluated. These protocols are proposed for patients who fulfill the diagnostic clinical criteria of hRCC or have a molecular genetic diagnosis of a hRCC through germline genetic testing. We hope this will enable a more standardized reporting, as well as knowledge transfer for those providers involved in the RCC aspect of these disorders. The surgical management of the renal tumours in these syndromes is beyond the scope of these guidelines.
Methods
A review of the English literature using a MEDLINE search from 1985-2015, with MESH terms that included renal cell carcinoma, kidney neoplasms, practice guidelines, and hereditary cancer syndromes was carried out. Text-word combinations included familial RCC, von Hippel-Lindau, hereditary papillary renal cancer, hereditary leiomyomatosis, hereditary paragangliomas and pheochromocytomas, Birt-Hogg-Dubé, and tuberous sclerosis complex. Additional relevant articles known to authors or found in references of included publications have also been referenced. Furthermore, we searched the National Cancer Institute website for recommendations on VHL and HLRCC management. When discrepancies were observed between published recommendations, we developed a consensus recommendation based on expert opinion.
Results
The recommended optimal workup and followup of patients with hRCC syndromes are presented in Table 1 .
Von Hippel-Lindau (VHL) syndrome
There are no international consensus guidelines for the management of VHL and our recommendations are a composite of a number of available recommendations, including the National Cancer Institute (NCI), Danish Coordination Group for VHL, and the North American VHL Alliance guidelines (Table 2) , with final expert consensus from our group. [9] [10] [11] The most conservative clinical recommendations were agreed upon with respect to the starting age of surveillance, as well as frequency (Table 1 ). The optimal management of patients with VHL is provided by a multidisciplinary approach due to multi-organ system involvement. Renal and extrarenal manifestations are listed in Table 2 . Gene penetrance exceeds 90% by 60 years of age and almost 100% of the patients with the syndrome have a VHL mutation when mosaicism is not considered. [15] [16] [17] [18] Disease manifestations may appear in early infancy, hence the need for early screening in individuals who are suspected to have a diagnosis of VHL. Frameshift and mutations that severely affect folding of the VHL protein are thought to increase the risk of RCC in VHL patients; 19, 20 however, insufficient evidence exists to modify investigation and surveillance based on mutation alone. The estimated average age at diagnosis of symptomatic RCC is 40; this being said, screening for RCC should be started at a much younger age, as the occurrence of renal tumours in VHL patients has been reported as early as 16 years old. 21, 22 Renal lesion may still be detected de novo until age 65, necessitating screening until at least this age. 23 Importantly, screening in the absence of symptoms has been reported to improve the survival of VHL patients to 100% compared to only 40% of those diagnosed because of symptoms. 24 In asymptomatic individuals, we recommend annual abdominal ultrasonography starting at eight years of age, which is consistent with the NCI and the North American VHL Alliance guidelines, but with the addition of abdominal magnetic resonance imaging (MRI) every two years starting at age 15, not 18 years.
For the central nervous system (CNS), it has been reported that screening hemangioblastomas in asymptomatic individuals was not indicated since surgery was considered only in symptomatic subjects. However, recent screening data reveals that annual vs. biannual screening can reduce the rate of symptomatic CNS lesions from 7.2% to 2.7%. 15 Furthermore, patients with newly discovered lesions at screening actually have had subtle neurologic symptoms related to their lesions, which were initially not recognized. 25 Surveillance brain and spine MRI should begin at age 11 and should be continued every 1-2 years. A specialized VHL MRI protocol should be used on a 1.5T MRI with and without contrast with thin cuts through the posterior fossa and cervical-thoracic and lumbar spines.
For pheochromocytomas, the median age of diagnosis is assessment and followup of hereditary kidney tumours 20 and these lesions appear before RCC or hemangioblastoma manifestations, but they have been reported as early as 2.5 years. 25, 26 Screening with yearly plasma-free metanephrines and 24-hour urinary catecholamines and metanephrines is widely available and is recommended starting at age two, which is consistent with the NCI recommendations. If biochemical abnormalities are detected, abdominal MRI or MIBG scans are indicated. The addition of abdominal crosssectional imaging (computed tomography [CT] or MRI) every two years at the age of 15 years is recommended even in the 10, 25 Successful treatment for RA requires minimal symptoms at the time of intervention. As with other lesions in VHL (e.g., RCC and pheochromocytoma), preemptive treatment produces superior outcomes when compared to delaying treatment until symptoms develop. 10 This highlights the importance of annual ophthalmology assessment from birth or the time of VHL diagnosis, as outlined in the Danish and NCI recommendations. It is highly important for RA to be diagnosed presymptomatically for treatment to be successful.
Endolymphatic sac tumours (ELST) occur in 11-16% of VHL patients. 27 Screening should be done yearly from ages 5-14 by audiological examination. Later in life, these exams can be done if tinnitus, hearing loss, or vestibular symptoms appear. In cases of recurrent childhood ear infections or when ELST is suspected, MRI of the temporal bone mastoid is indicated. 28 If hearing loss occurs, it is usually irreversible. The surveillance of pancreatic cysts, as well as that of neuroendocrine lesions of the pancreas, overlap with the screening and followup recommendations of RCC.
Hereditary papillary renal cell carcinoma (HPRC)
In HPRC, no extrarenal manifestations have been reported; hence screening is limited to the kidneys. Patients develop papillary type I RCC, which are hypovascular tumours leading to decreased detection on enhanced CT scanning due to a lack of enhancement. 29 Ultrasound imaging may miss 55% of the lesions detected on CT, but is helpful to distinguish cystic from solid lesions. 29 HPRC tumours have a slow average growth rate of 0.19 cm/year, 29 yet these tumours may become metastatic with mortality. 30 Median age at diagnosis for RCC in patients with this condition has been reported initially to be in the sixth decade of life. 31, 32 However, more recent data revealed that early onset disease can occur, with a median of 43 years at first diagnosis. 30 In this last study, the earliest diagnosis was made at age 19, although all the other patients in the cohort received their first diagnosis at age 30 and above.
Therefore we recommend at least a baseline enhanced MRI or CT scan of the abdomen at age 18 in patients at risk. If the initial assessment is negative, screening should be tailored to each case and risks discussed with the patient concerning the drawback of screening and the seemingly low risk of RCC in the third decade of life in HPRC patients. Screening can resume or be continued at age 30, when the risk of RCC is markedly increased, with an enhanced MRI or CT scan of the abdomen every two years. If there are established tumours identified, management will depend on the size and number of lesions.
Hereditary leiomyomatosis renal cell carcinoma (HLRCC)
A multidisciplinary approach to HLRCC is recommended, as the clinical manifestations include uterine leiomyomas with possibly a leiomyosarcomatous component and cutaneous leiomyomas, as summarized in Table 1 . Papillary type II RCC is the predominant type of renal tumour associated with HLRCC; however, collecting duct carcinoma and tubulo-papillary carcinoma have also been reported. 33 Renal tumours associated with HLRCC are considerably more aggressive than renal tumours in other hereditary tumour syndromes and benefit from early detection and aggressive treatment, often including surgical removal with regional lymphadenectomy. 33, 34 The diagnosis of renal cancer occurs predominately between the ages of 15 and 29, but has been shown to range from 5-48 years of age. 33, 34 Estimated cumulative cancer risk in this disease is 15% and there is a relatively low risk of developing RCC before 20 years of age (about 1-2%). 34 Due to the rarity of this syndrome, surveillance should ideally be conducted at centres of expertise. A baseline abdominal MRI scan at the age of eight, followed by biannual abdominal ultrasounds has been proposed. 34 However, the sensitivity of ultrasound has been questioned, given its limited ability to identify small lesions; therefore, when possible, annual MRI has been more recently recommended. 35 Also the so-called 3 cm rule (tumours can be safely monitored until they reach 3 cm before being resected) does not apply to HLRCC, as it does to other hereditary renal cancer syndromes. The aggressiveness of the renal manifestations implies that early screening and diagnosis, and aggressive surgical resection for even the smallest of renal lesions are strongly recommended. 33, 34 Papillary tumours often appear iso-echoic on ultrasound and can be missed if the tumour is small. It is thus important to obtain more sensitive baseline imagining, such as MRI. 33 Recent groups recommend that affected individuals should be screened with annual cross-sectional imagining (preferably MRI to avoid ionizing radiation) starting at age 18. 33, 34 Abdominal imaging in children <18 years of age should be individualized and the pros and cons discussed with the patient, given the rare yet reported occurrence of renal tumour in the second decade of life. Annual MRI should be considered over ultrasound starting at the age of 18. 34, 36 Patients with HLRCC should also undergo annual skin examinations by a dermatologist from eight, due to associated cutaneous leiomyomas. The possibility that these lesions may have aggressive potential and behave as leiomyosarcomas is still under debate, but should be kept in mind when considering followup. The same logic applies for female patients, with annual gynecological examination starting age 21 and pelvic ultrasound due to the increased risk of uterine leiomyomas. 35, 37 4. Birt-Hogg-Dubé (BHD)
The clinical manifestations of BHD are summarized in Table I . Patients with BHD are at an increased risk of hybrid chromophobe-oncocytic, but also clear-cell carcinomas, chromophobe RCC, and oncocytomas. Patients typically develop renal tumours between 24 and 75 years of age. [38] [39] [40] Consequently, we recommend patients with BHD should undergo cross-sectional imaging (CT or MRI) at least every 12-36 months in order to identify renal lesions starting at the age of 20. 39, 40 Imaging with ultrasound is not recommended because hybrid chromophobe-oncocytic tumours often appear isoechoic to the renal parenchyma on ultrasound and may not be detected. 40 While BHD-associated RCC is typically an indolent disease, patients often develop multifocal and bilateral lesions, which can progress to metastatic disease; therefore, regular surveillance is important for the appropriate management of these patients. 40 BHD is associated with lung cysts, which place patients at a higher risk of developing spontaneous pneumothoraces. It is recommended that patients undergo a CT scan of the chest at the time of diagnosis in order to identify any lung cysts; however, subsequent interval imagining is not recommended. 38, 40, 41 Patients participating in at-risk activities for development of pneumothoraces (e.g., scuba diving) should undergo imaging of lungs at a younger age than 20.
40
Patients may also develop associated skin manifestations, including cutaneous fibrofolliculomas, trichodiscomas, and perifollicular fibromas, and are potentially at risk of melanoma. 42 Consequently, a formal dermatologic assessment should be conducted at diagnosis. However, melanoma surveillance is not recommended due to lack of evidence at this time. 40 There may also be an association between BHD and colonic neoplasia; nonetheless, due to conflicting evidence, it is recommended that patients with BHD undergo the same colon cancer screening protocols as the general population. 38 
Hereditary paraganglioma-pheochromocytoma syndrome (PGL-PCC)
The clinical manifestations of PGL-PCC are associated with mutations in the SDH variety of genes. Clinical manifestations, in addition to paraganglioma and pheochromocytomas, include RCC and gastrointestinal stromal tumours (GIST), as summarized in Table 1 . Of the six known PGL-PCC genes, mutations in three genes -SDHB, SDHC, and SDHD -are associated with a propensity for RCC 43 and we will limit our discussion to the management of patients with a mutation in these PGL-PCC genes. The median age of diagnosis for symptomatic RCC is 33 years, but has been shown to range from 15-62 years of age. 44 Early detection and intervention for renal tumours has been shown to improve clinical outcomes, as metastatic disease can develop from small primary tumour. 44 Patients develop classic clear-cell RCC. 44 Annual screening with abdominal imaging with MRI or CT scan is recommended starting at age 15 for the detection of both RCC and GIST tumours, and is done in concert with imaging screening for paraganglioma-pheochromocytomas. [44] [45] [46] Paragangliomas and pheochromocytomas may manifest earlier than RCC and 20% of cases are diagnosed in the pediatric population, with the youngest case three years of age. 45 Consequently, annual screening with plasma metanephrines and 24-hour urinary catecholamine and metanephrines is recommended three years of age. [44] [45] [46] In addition, annual abdominal imaging is recommended, as up to 25% of paragangliomas and pheochromocytomas will have normal urine biochemistry. 45 An expert opinion in endocrinology is encouraged.
The optimal imaging site and modality for PGL-PCC has not been established by the endocrine society and recent studies have shown the efficacy of whole body MRI. 47, 48 For the surveillance of RCC individuals harbouring an SDHB, SDHC, and SDHD mutation, we recommend MRI of the abdomen to be included in the surveillance protocol in conjunction with PGL-PCC biochemical screening. Radioisotope imaging can be added for diagnostic purposes. Given the paucity of data for GIST screening along with PGL-PCC, a shared decision-making process should be undertaken and screening individualized after discussing endoscopy and MRI.
Tuberous sclerosis complex (TSC)
As with VHL disease, the management of TSC should be carried out by a multidisciplinary team. The clinical manifestations of this entity are presented in Table 1 . TSC complex is associated with benign angiomyolipomas (AMLs) of the kidneys that may grow significantly, causing renal dysfunction and more dramatically life-threatening hemorrhage. Renal cell carcinoma is associated with the TSC in 2-3% of patients. 49 Extrarenal manifestations should not be overlooked when treating this condition. These are listed in Table 1 .
The International Tuberous Sclerosis Complex Consensus Group, comprising 79 specialists from 14 different countries, has recently drafted recommendations for the initial screening and management of patients with TSC. 50 The recommendations of our group fall in line with the recommendations made by this consensus group regarding screening. These are outlined in Table 1 .
In summary, at diagnostic evaluation, abdominal imaging should be obtained, regardless of age. MRI is the recom-mended modality because it is more sensitive than ultrasound for the recognition of angiomyolipomas with minimal fat content and RCC. Both brain and abdominal MRIs can be done at the same time, especially for children who require sedation to undergo testing. In addition, blood pressure monitoring should be done, as well as blood work to calculate the glomerular filtration rate using creatinine equations or serum cystatin C concentration measurements.
For ongoing surveillance, MRI of the abdomen should be ordered every 1-3 years throughout the lifetime of the patient. This recommendation may be difficult to carry out in this patient population, with some patients requiring general anesthesia in order to undergo MRI imaging. In such cases, abdominal ultrasound may be considered a second best alternative. Assessment of the glomerular filtration rate and measurement of blood pressure should be done at least every year.
A dilated fundoscopy exam should be undertaken, starting with the time of diagnosis and annually thereafter in order to assess for achromic patches and retinal hamartomas. Likewise, a yearly dermatological assessment is recommended, starting at the diagnosis.
As outlined in Table 1 , due to the association of TSC with pulmonary lymphangioleiomyomatosis (LAM), a baseline high-resolution CT scan of the lungs in with pulmonary function tests (PFT) are recommended in symptomatic males and all female patients older than 18 years. PFT can be repeated thereafter on a yearly basis.
Finally, cardiac rhabdomyomas, when present, usually occur in the young pediatric population and tend to involute with time. An echocardiogram should be obtained in patients under three years of age to assess for their presence and any associated heart failure. An electrocardiogram should be obtained at all ages of presentation to assess for conduction anomalies and repeated every 3-5 years on followup.
Discussion
Our proposed guidelines address the management of a variety of multisystem hereditary syndromes in which RCC is a common denominator. It provides a framework for RCC care providers to investigate and survey organ systems, including renal and non-renal manifestations. These recommendations collectively serve as a starting point for future validation. Our report does not address the cost-effectiveness of initial screening and followup. Given the demonstrated benefits of screening for other syndromes, it is reasonable to assume that benefits will be achieved in hRCC. 24, 25, 44, 51 This will be addressed in future reports, when practice is harmonized among centres. Other future potential benefits of harmonization include enabling quality-of-care assessment and facilitation of knowledge transfer.
Given the clinical complexity in most of these rare syndromes, it cannot be overemphasized that a multidisciplinary approach should be the cornerstone of clinical management of affected patients and their families. The care delivery model of a "one-stop shop" clinic, where the various care providers are simultaneously present to provide their services is an option, but may not be practical in most settings. Alternatively, the use of patient navigators, virtual clinics, and/or telemedicine may provide the best alternatives in the future for these hereditary cancer populations. Whatever the mode of care, regular discussions at multidisciplinary panels by clinicians with expertise in hereditary RCC and associated syndromes should be undertaken, even for patients who need to be managed in community settings. The specific treatment of each case must individualized. Finally, surgical management of the renal tumours is beyond the scope of these guidelines.
Conclusion
Our recommendations propose a standardized pathway for the management of patients with hRCC. Its objective is to standardize practice for a very complex patient population, thus resulting in harmonization that will allow for care of individual patients to be optimized. Although the list of covered syndromes is not exhaustive, it serves as a starting point for future updates.
